During the water years 1968-71 the mean daily suspended-sediment discharge of the Santa Ana River at Santa Ana, Calif., was 7,400 tons, and the mean daily coarsesediment discharge was 3,400 tons. Extrapolated over the 31 water years 1941-71 of streamf low record, the mean daily values are 1,200 and 620 tons. In the Santa Maria River at Guadalupe, Calif., during the water years 1969-71, the mean daily suspendedsediment discharge was 8,700 tons and the mean daily coarse-sediment discharge was 5,500 tons. Extrapolated over the 31 water years 1941-71 of adjusted streamflow record, the mean daily values are 1,400 and 830 tons. The estimated long-term coarse-sediment discharge of the Santa Ana River is 620 tons per day or 190,000 cubic yards per year, and that of the Santa Maria River is 830 tons per day or 250,000 cubic yards per year. Only during floodflow is any significant quantity of sediment transported. In the Santa Maria River an estimated 99 percent of all coarse sediment was transported in 1 percent (113 days) of the 31-year period.
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Abstracts
During the water years 1968-71 the mean daily suspended-sediment discharge of the Santa Ana River at Santa Ana, Calif., was 7,400 tons, and the mean daily coarsesediment discharge was 3,400 tons. Extrapolated over the 31 water years 1941-71 of streamf low record, the mean daily values are 1,200 and 620 tons. In the Santa Maria River at Guadalupe, Calif., during the water years 1969-71, the mean daily suspendedsediment discharge was 8,700 tons and the mean daily coarse-sediment discharge was 5,500 tons. Extrapolated over the 31 water years 1941-71 of adjusted streamflow record, the mean daily values are 1,400 and 830 tons. The estimated long-term coarse-sediment discharge of the Santa Ana River is 620 tons per day or 190,000 cubic yards per year, and that of the Santa Maria River is 830 tons per day or 250,000 cubic yards per year. Only during floodflow is any significant quantity of sediment transported. In the Santa Maria River an estimated 99 percent of all coarse sediment was transported in 1 percent (113 days) of the 31-year period. 
ABSTRACT
The computed sediment discharge of Santa Ana River at Santa Ana for the water years 1968-71 was 11,700,000 tons (10,600,000 tonnes) of suspended sediment and 5,000,000 tons (4,500,000 tonnes) of coarse sediment. The computed discharge of Santa Maria River at Guadalupe for the water years 1969-71 was 9,500,000 tons (8,600,000 tonnes) of suspended sediment and 6,000,000 tons (5,400,000 tonnes) of coarse sediment. Estimated mean annual coarse-sediment discharge for the 31 water years, 1941-71, is 230,000 tons (209,000 tonnes) in the Santa Ana River and 300,000 tons (272,000 tonnes) in the Santa Maria River. Streamflow in the Santa Maria River was adjusted to represent 1971 conditions. The 31-year mean annual volumes of coarsesediment discharges are 190,000 cubic yards (140,000 cubic metres) in the Santa Ana River and 250,000 cubic yards (190,000 cubic metres) in the Santa Maria River.
Only during floodflow is any significant quantity of sediment transported. In the Santa Maria River an estimated 99 percent of all coarse sediment was transported in 1 percent (113 days) of the 31-year period.
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INTRODUCTION
Historically, the principal contributors of sand that maintains the southern California beaches have been the coastal streams. These streams transport sediment from coastal watersheds and form deltas of coarse sediment. The coarse sediment from the deltas is transported along the coast by wave action (littoral drift) providing sand for the beaches.
A long dry period and the extensive urban development of inland areas have affected erosion of the watershed, which has reduced the supply of sediment available for transport. In addition, the construction of dams and the consequent reduction of streamflow have decreased the quantity of sediment carried to the coastal zone for deposition on the beaches.
Although the supply of sand has been reduced, the transportation of sand along the shore by littoral drift has not diminished but has created a loss of sand from the beaches. To mitigate beach erosion, it is essential to know (1) the sediment contribution from each coastal stream in a particular reach of shoreline, (2) the littoral transport within the reach, (3) the loss of sediment to submarine canyons, and (4) how the net littoral transport compares with sediment yields from streams so that long-term critical erosion areas can be predicted.
This report defines the sediment yield from two coastal streams that historically have supplied major quantities of sediment to the littoral regime. Sediment-discharge measurements were made at Santa Ana River at Santa Ana, Orange County, during the water years 1968-711 and at Santa Maria River at Guadalupe, Santa Barbara County, during the water years 1969-71 ( fig. 1 ). The study was made by the U.S. Geological Survey in cooperation with the California Department of Navigation and Ocean Development. 
DATA COLLECTION AND ANALYSIS
Data were collected at the Geological Survey stream-gaging stations: Santa Ana River at Santa Ana and Santa Maria River at Guadalupe ( fig. 1 ). The program consisted of (1) collecting one or more suspended-sediment samples daily during periods of medium and high flow and less frequently during low flow, and (2) obtaining data needed to compute total-sediment discharge.
Total-sediment discharges were computed by the modified Einstein procedure (Colby and Hembree, 1955) . Data required for these computations are:
1. Stream width, average depth, and mean velocity from a streamflow measurement or other suitable source.
2. Average depth at the verticals where the suspended-sediment samples were collected.
3. Average concentration of suspended sediment. 4. Particle-size analysis of the suspended sediment. 5. Particle-size analysis of the bed material. 6. Water temperature.
Particle-size analyses of bed material were made on seven samples from the Santa Ana River and on four samples from the Santa Maria River. The analyses show that both streambeds are sand channels and that most of the material is finer than 4 mm (millimetres). Because the size distributions of the bed-material samples collected after various storms did not vary significantly, the average of all samples from each stream was used to compute total-sediment discharge. The average particle-size distribution of bed material for each stream is shown in table 1. Daily values of suspended-sediment discharge, as well as particle-size analyses of suspended sediment and bed material, are published annually by the Geological Survey in "Water Resources Data for California, Part 2, Water Quality Records."
COMPUTATION OF TOTAL-SEDIMENT DISCHARGE
The total-sediment discharge of a stream can be divided into two parts on the basis of flow (Colby, 1963, p. Al2, A22) : (1) the fine-sediment discharge, which usually comes from land-surface erosion and consists of particles so fine that they are not found in appreciable quantity in the streambed; and (2) the coarse-sediment discharge, which consists of particle sizes found in appreciable quantity at the surface of the streambed. The dividing size between fine and coarse sediment is considered herein to be 0.062 mm, which is also the dividing size between sand and silt.
All the fine sediment and generally the major part of the coarse sediment are transported in suspension and are easily sampled through the depth of flow to within 0.3 ft (0.09 m) of the bed. This sampled part of the total-sediment discharge is referred to as the suspended-sediment discharge and is published in the annual data reports for California.
The remaining coarse sediment is transported as bedload (sliding, skipping, and rolling along or very close to the bed) or in suspension within 0.3 ft (0.09 m) of the bed. This part of the total-sediment discharge is referred to as the unsampled-sediment discharge. Hence, the total-sediment discharge is the sum of the suspended-sediment discharge plus the unsampled discharge.
Sediment-transport curves that define the relations between water discharge and suspended, unsampled, and total-sediment discharges for the Santa Ana River are illustrated in figure 2; those for the Santa Maria River are illustrated in figure 3.
The coarse-sediment discharges for each stream were computed by the modified Einstein procedure (Colby and Hembree, 1955) and are listed in table 3. The relation between coarse-sediment discharge and water discharge is shown in figures 4 and 5. 
COMPUTATION OF SEDIMENT DISCHARGE, 1968-71
Intense tropical-type storms in January and February 1969 caused runoffs from 3 to 10 times the 1930-60 median in the central and southern coastal areas. Sediment discharge during these storms accounted for almost the entire discharge during the study periods; therefore, the mean discharge is not representative of a long-term period.
During the study periods--1968-71 for the Santa Ana River and 1969-71 for the Santa Maria River--daily values of suspended-sediment discharge were computed using the daily water-discharge record and the concentration of suspended sediment. Table 4 shows the annual suspended-sediment discharges from each stream during the respective study periods. The suspended-sediment discharge during the water years 1968-71 in the Santa Ana River was 11,700,000 tons (10,600,000 t); that during the water years 1969-71 in the Santa Maria River was 9,500,000 tons (8,600,000 t). 11,700,000 9,500,000
The coarse-sediment and total-sediment discharges were computed by the flow-duration-curve technique, shown in tables 5 and 6. Using table 5 as an example, the coarse-sediment discharge is read from figure 4 for each water discharge in column 3, entered in column 5, and then multiplied by the corresponding time interval of each discharge in column 2. The products (not shown) are added and the sum divided by 100 to obtain the mean daily discharge of coarse sediment. Corresponding transport curves were used to obtain the values in columns 4 and 6 (from fig. 2) . The difference between the mean daily suspended-sediment discharge in column 4 and the total suspendedsediment discharge in table 4 divided by 1,461 (number of days measured), reflects errors in fitting the curve to the data and in rounding. The difference is 7.5 percent for the Santa Ana River and zero for the Santa Maria River.
The coarse-sediment discharge during each study period was 5,000,000 tons (4,500,000 t) in the Santa Ana River and 6,000,000 tons (5,400,000 t) in the Santa Maria River. .09 11,700 2,000,000 1,500,000 2,500,000
Mean daily discharges: 83 8,700 5,500 10,000
ESTIMATE OF LONG-TERM SEDIMENT DISCHARGE
Long-term mean daily sediment discharges at both stream-gaging sites were estimated by applying the short-term relation between water and sediment discharges to flow-duration data for long-term streamflow at each site. The long-term frequencies and the corresponding sediment-discharge values from the sediment-transport curves used to obtain the mean daily sediment discharges are listed in tables 7 and 8. The estimated values assume that long-term relations between streamflow and sediment discharge were similar to those existing during the sampled period. Therefore, the estimate of historic sediment discharge should provide a reasonable estimate of future discharge under 1971 conditions. 'Based on flow frequencies of the Sisquoc River near Garey and relation of flow of the Sisquoc River to flow of the Santa Maria River.
For both streams the long-term period used was 1941-71, which represents the entire period of record since construction of Prado Dam on t )anta Ana River. Construction of Twitchell Dam in 1958 prevents the use of streamflow data during the same period at the Santa Maria River gage site. The 1941-71 streamflow that would have occurred at Santa Maria River at Guadalupe, assuming 1971 conditions, was estimated by extending the 1959-71 record using a procedure discussed by Searcy (1959, p. 12) . The streamflow record used as a base was the 1941-71 record at Sisquoc River near Garey. Daily discharges of Sisquoc River near Garey from October 1940 to January 1941 and from October 1970 to September 1971 were estimated. ESTIMATE OF LONG-TERM SEDIMENT DISCHARGE The estimated mean daily total-sediment discharge during the period 1941-71 at Santa Ana River at Santa Ana is 1,500 tons (1,400 t); the coarsesediment discharge is 620 tons (560 t). The estimated mean daily totalsediment and coarse-sediment discharges, 1941-71, at Santa Maria River at Guadalupe under adjusted streamflow conditions are 1,700 and 830 tons (1,500 and 750 t).
The estimated mean annual volume of coarse sediment discharged and available to the beaches under 1971 conditions is 190,000 yd3 (140,000 m3) from the Santa Ana River basin and 250,000 yd3 (190,000 m3) from the Santa Maria River basin (table 9). Volumes are based on an assumed unit weight of 90 lb/ft3 (1,400 kg/m3) for bed material (Gottschalk, 1964, p. 17-18) .
The sediment discharges listed in table 9 are averages for a 31-year period. It is emphasized that during many years there was very little or no water and sediment discharge, and only during major floodflow is any significant quantity of sediment transported. For example, in the Santa Maria River an estimated 99 percent of all coarse sediment was transported in 1 percent (113 days) of the 31-year period. 'Estimates are based on suspended-sediment concentrations, bed-material size distributions, and water-discharge measurements obtained at the gaging stations during water years 1968-71. 2Figures are adjusted to include the storage effects of Twitchell Dam.
